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Definition of photo-dynamic sensitization.-Photo-dynamic sensitization may be defined as the mechanism by which the chemical composition of living cells may be altered following their exposure to rays of light, which normally in themselves have no specific chemical or biological action. Experimentally it is possible to sensitize living cells to infra-red, luminous, ultra-violet rays and X-rays by the use of selected specific chemical substances, such as metallic salts, organic dye-stuffs, etc., known as light sensitizers.
This mechanism is similar to the method employed in sensitizing photographic plates. The use of oxyquinoline and cyanine dyes has made it now possible to obtain photographs by exposure of films to infra-red rays, and the results obtained are similar to those previously obtained following their exposure to the ordinary visible rays of the solar spectrum, and are even more striking. During the past years I have performed experiments by which it has been possible to sensitize bacteria, unicellular organisms, blood corpuscles, etc., to either infra-red, visible, or long ultraviolet rays. The detail of much of the work has already been published in the British Journal of Radiology, 1930, iii, p. 113 seq. My conclusions from these investigations showed that direct bactericidal action and damage of blood-corpuscles, tissue cells, etc., resulted, provided that they were irradiated in suitable media which was free from proteins. The biological action of all light sensitizers was controlled by: (1) The volume of fluid suspension irradiated; (2) the intensity of the source of light rays; (3) the length of exposure and the distance from the source of irradiation; (4) the temperature; and (5) the concentration of chemical sensitizer present.
Selective action for each group of rays, from the infra-red to the long ultra-violet region of the spectrum, was obtained by suitable choice of sensitizer. Further, the secondary radiations or fluorescent rays excited by exposure of chemical substances to X-rays or long ultra-violet rays were of sufficient intensity to cause biological reaction. In living animals two degrees of reaction were obtained. Large doses of sensitizer and intensive irradiation caused death of animals from " acute light stroke"; smaller dosage and weaker irradiation produced mild local and general reactions. The latter could be applied for therapeutic measures, and the dosage controlling these two reactions can be determined by preliminary test in vitro, by studying the haemolysing power of the sensitizer employed on a 2% suspension of red blood-corpuscles in saline. Thus with eosin, a concentration of 1 : 100,000 = 10 mgm. per kilogramme weight, will cause mild therapeutic sensitization, but stronger doses-1: 10,000 to 1: 30,000-may cause death of the animal after exposure to a powerful source of visible rays. The use of chemical sensitizers gives intensified and prolonged reactions similar to ultra-violet irradiation but penetrating to a deeper zone through the skin and subcutaneous tissue.
From these observations it has been shown that all tissue cells which are sensitive to ultra-violet rays may be made sensitive to luminous rays by means of certain suitable ,chemical compounds known as light-sensitizers. Many of these compounds have affinity for the serum proteins and in this way inhibit photodynamic action in vitro but not in v'ivo. After union between the tissue cell and the sensitizer has occurred, the luminous rays produce reactions which are similar to ultra-violet irradiation, but this takes place at a deeper level and therefore produces reaction of greater severity. Many of the sensitizers are readily soluble and are rapidly excreted. Sensitization can only occur during the period when sufficient concentration of sensitizer is present within the tissues irradiated, and combined with the living tissue cells or tissue fluids.
The action of light rays on the normal skin.-The normal white skin absorbs and reflects infra-red, luminous and ultra-violet rays. The absorption of rays of light by the skin is the method by which radiant energy acts on the human body, and it may be stated that the metabolism of light occurs in the normal skin. The degree of penetration and reflection varies in different parts of the body and is different for each individual wave-length of light. The long infra-red rays are absorbed by the most superficial skin layers, the short infra-red, orange, and yellow rays penetrate deeply through the skin to the blood-vessels and underlying subcutaneous tissue. Sonne has shown that the short infra-red and luminous rays can heat the tissues at 0*5 cm. depth from the skin surface to 47.50 C., and he found that this temperature was 5°C. higher than that of the skin surface. The blue-violet luminous rays do not penetrate beyond 20 mm., and are mostly absorbed by the haemoglobin in the superficial blood capillaries. The longer ultra-violet are totally absorbed in the surface layers of the skin and cause a bluish-green fluorescence of the normal white skin. Ultra-violet rays of wave-length shorter than 3100 A.U. are absorbed by living epithelialcells and excite photo-biochemical reactions which cause latent erythematous reactions, and other biological actions, such as vasodilatation, intradermal and subdermal polymorphonuclear leucocytosis and the activation of vitamin D from ergosterol present in the lipoid substances of the skin cells and secretory glands. The intensity of erythema produced by irradiation of the skin with light sources emitting ultra-violet rays of wave-length shorter than 3,100 A.U. varies with the depth of pigmentation present, the thickness of the horny layers of epidermis consisting of dead or predesquamated skin cells, and the fat content of the skin. The condition of the local circulation and the temperature of the skin at the time of irradiation influence erythema reactions. The age of the skin cells plays a considerable part, for the skin is a rapidly regenerating organ, and as the chemical nature of the skin cells alters with age, they become more opaque to ultra-violet rays and therefore lessen the degree of erythema reactions. In childhood ultra-violet erythema reaction cannot be normally demonstrated until the second or third year of life. In the aged, the skin is hypersensitive to irradiation. Conditions of severe antemia. and ill-health weaken the reaction of the skin cells to ultra-violet irradiation.
Under normal conditions the infra-red and luminous rays have only a transient action on the normal skin; these rays are absorbed or reflected by the epidermal cells and heat is conducted to the circulatory blood-vessels and deeper structures. Excessive absorption of heat will naturally cause blistering and necrosis of the irradiated tissues. The blood-vessels show an immediate response, vasodilatation and an irregular area of skin erythema being produced. After the cessation of irradiation this reaction gradually subsides and the tissues return to the normal state.
The increased blood circulation of the irradiated skin can be demonstrated many months after ultra-violet irradiation, for if 0 01 grm. of histamine is injected subcutaneously, the portion of skin which has received ultra-violet irradiation will stand out and show a bright red flushed area in contrast to the normal non-irradiated skin.
Light pigmentation may occur either after the single application of an erythema dose of ultra-violet rays or may result from repeated applications' of weaker ultraviolet irradiation, which does not cause visible skin erythema. In the early phases pigmentation is produced by the displacement of pigment from the deeper skin cells to the surface. Later, with the regeneration of the skin cells, pigment is found in the basal epidermal cells. The capacity of the skin to develop pigment varies with the hereditary nature of the skin cells; brunettes, as a rule, pigment more strongly and more rapidly than blondes. The different regions of the skin react with unequal intensity; the naturally darker pigmented areas of the skin cause stronger pigment reaction to ultra-violet irradiation. Pigmentation is a chemical process and orikinates through the action of a ferment, an oxidase, present in the epithelial cells, acting on a colourless precursor of the skin pigment melanin, dioxyphenylalanin. The irradiation of the skin increases the activity of the oxidase ferment and changes dioxyphenylalanin to melanin. In cases of vitiligo and leucoderma this pigment reaction is absent, although these skin areas are often more sensitive than the normal skin to ultra-violet irradiation. It has been suggested that the ultra-violet rays which cause erythema of the skin are not necessarily of the same wave-length as the pigment-forming rays. The nature, intensity, and colour of the pigment found in the skin varies with the intensity and nature of the source of ultra-violet rays which is employed.
Freckles.-The pigmentation of the skin protects mostly against the effects of heat, infra-red rays and luminous rays. Melanin strongly reflects and absorbs infra-red and luminous rays and in this way prevents their deeper penetration, protects against over-heating of the deeper tissues and blood-vessels, and guards the body against beat and light stroke.
The development of pigment also acclimatizes the skin and immunizes it to some degree against the erythema action of ultra-violet rays. In addition to this the hyperplasia of the epidermal cells and increased vasodilatation of blood capillaries screens and protects the deeper dermal structures from harmful effects of excessive exposure and absorption of ultra-violet rays. During the early stages following the application of ultra-violet rays the hyperamia, the exudation of lymph, dead epidermal cells and local leucocytosis screens off and protects the skin, so much so that at this stage the skin is immune for the action of ultra-violet rays. This effect persists until the erythema reaction subsides and the irradiated epidermal cells desquamate and ultraviolet rays can now penetrate to the new living young skin cells and again the erythema response to irradiation can be produced.
The action of light rays on skin pathologically sensitive.-There are relatively very few instances in which the skin is abnormally sensitive to light. The presence of a light-sensitizing substance within the body tissues may occur as a hereditary and congenital metabolic disease, or such substances may be accidentally administered or may be formed by abnormal products of metabolism and cause a temporary pathological condition of light-sensitization. Apart from xeroderma pigmentosum, disease due to abnormal sensitivity to ultra-violet rays is practically unknown. Intensive erythema reactions of the skin following solar or therapeutic irradiation are often stated to be due to hypersensitivity to ultra-violet rays, but careful analysis of facts will often reveal a logical explanation. Similarly there is little proof of abnormal reaction following the application of infra-red rays.
Skin diseases following exposure to light are due to the presence of abnormal photo-dynamic substances in the tissues. The exposure to the visible rays excites photo-biochemical reactions in the skin and the production of toxic substances which may cause local and generalized lesions.
Acute Diseases of Skin following Exposure to Light Hydroa mestivale or vacciniforme.-This is a congenital and hereditary skin disease occurring in childhood and persisting for many years. In this condition skin lesions appear on the areas of skin exposed to sunlight. The onset of the lesions occurs during the early months of spring and the lesions greatly diminish if the skin is protected from the rays of light. The presence of uroporphyrin and coproporphyrin, in the urine and faeces, respectively, has shown that there is an endogenous type of light-sensitization disease due to the presence of a photo-dynamic substance similar to htsmatoporphyrin. The blue-violet visible rays aggravate the skin lesions as the greater sensitivity of the porphyrins occurs with these rays of light.
Chronic polymorphic light diseases.-In 1878 Hutchinson described skin lesions which he called summer prurigo, prurigo astivale, summer acne. These lesions appear in the spring and summer, recurring several years in succession, and completely disappear during the winter months. They are similar to those'in hydroa vacciniformis and to conditions of eczema solare described by Veiel in 1887.
Haxthausen has classified 30 cases, and his observations carried out over a period of many years have shown that an eczematous type of rash or a papular eruption may occur alternately in the same patient. These lesions are common in women, usually occurring in blondes with poor poWer of pigmentation, but they have been described in brunettes with well-pigmented skins. Hereditary disposition has been demonstrated. The onset of these lesions is commonest after the onset of puberty, but skin lesions occurring in early childhood or later in life at the age of thirty are known. The rash is confined to the areas of skin exposed to light,-the skin of the face, dorsal and radial sides of the hands, and the forearms, neck and the upper chest wall. The nose, cheeks and forehead are mostly involved. Itching and irritation of the skin is the prominent symptom; this is followed by the appearance of a diffuse erythematous rash with exfoliation and desquamation of the skin. At times seropapular eruptions are seen. The lymphatic glands of the neck and supraclavicular areas are enlarged. Examination of blood, urine, and feces fails to demonstrate abnormal pigments; uroporphyrin and coroporphyrin are absent. Barber and Howitt have described changes in the bacterial flora of the feces, associated with indicanuria and gastric achylia.
There is no specific treatment for these lesions; protection against the luminous rays of the sun is the safest palliative measure. Hutchinson and Rasch have seen amelioration after the administration of arsenic. Calcium chloride and calcium gluconate appear to lessen the irritation symptoms and itching of the skin. The investigation of the reaction of the skin of these patients to light, showed that exposure to orange, yellow, and green rays produced an erythematous wheal which itched and irritated directly after exposure. The addition of infra-red rays accelerated and aggravated these lesions. This skin lesion persisted for two or three hours and gradually subsided and disappeared. Tha reaction to ultra-violet rays showed normal response; an erythema occurred with the same intensity of radiation as that which would cause similar reaction in the normal white skin. The skin which had been exposed previously to ultra-violet rays and showed an erythema reaction, appeared to be much less sensitive to the action of the visible rays and did not evince so much irritation and itching or the production of a raised urticarial wheal when exposed to the same source of luminous rays.
Following the exposure of the skin to ultra-violet rays, an area of skin could in this way be protected to some extent for from ten to twelve days, but after this period, the irradiated area again showed abnormal sensitivity to the luminous rays.
The examination of the red blood-corpuscles, blood serum, urine, and fteces has generally failed to demonstrate clearly the presence of a photo-dynamic sensitizing substance. Haxthausen has stated that the intracutaneous injection of the blood-serum of patients suffering from chronic polymorphic light disease of the skin will produce a red raised itching wheal at the site of the injection. My attempts to immunize against the irritative action of light have failed. The repeated intramuscular or intravenous injection of 10 c.c. of the patient's own blood or blood-serum exposed to the air-cooled mercury-vapour lamp has failed to alter the abnormal skin reaction. I have now employed a paraffin-wax preparation made by mixing tannic acid 1: 1,000, mercury, biniodide or creosote 1: 10,000, chloretone 1: 20, dissolved in paraffin-wax melting at 1150 F. It is important to ensure thig melting point of the wax. This preparation can be tinted by means of carmine, finely powdered charcoal, indian ink or powdered chalk, to match the natural colouring of the patch of skin. It is melted in a water-bath and applied in a thin mask, and remains for twenty-four to forty-eight hours.
Pellagra.-Pellagra is a disease characterized by dermatitis, gastro-intestinal disturbances, and lesions in the central nervous system. It is believed to be due to a deficiency of vitamin 132 in diet and is associated with diets rich in maize and poor in meat and milk. The skin lesions'generally occur in the early months of spring. Diffuse symmetrical areas of erythema of the skin occur, followed by desquamation, pigmentation, and, later, atrophy. The skin erythema, however, also occurs on parts of the skin not exposed to sunlight. Further, it is often seen in pigmented skin of negroes, but as a rule the lesions became aggravated by exposure to sunlight. Hausmann is of the opinion that there is no relationship between these skin lesions and the exposure to sunlight, but Aschoff suggests that the skin lesions are due to optical sensitization caused by bad maize. Jobling and Arnold state that pellagra is not a vitamin-deficiency disease, but is due to intoxication by a fungus, producing fluorescent substances which act as photo-dynamic sensitizers. They isolated this fungus from the fmces of cases of pellagra and showed that ethereal or ethylacetate extracts of this fungus would cause photo-dynamic reaction in inoculated white mice and were lethal to paramecia when exposed to light. Guinea-pigs fed on a diet of maize for long periods show necrotic skin lesions of the ears and other areas and may die when exposed to light, but recover when kept in the dark. The presence of a similar fungus in bad maize would possibly correlate this condition.
A well-balanced diet, containing a high protein content, aids recovery, but the experimental exposure to sunlight during the course of the disease produced a typical pellagra dermatitis. Attempts to extract photo-dynamic substances from the foeces, urine, and blood have so far failed. This may be due to the small quantity of photodynamic substances present and difficulty in demonstrating its presence by biological means unless a sufficiently high concentration of sensitizer is present.
Unclassified dermatoses due to abnormalities of metabolism.-Pulay has described exfoliative dermatitis and eczematous rashes occurring after exposing the skin of patients who have a uric-acid diathesis or hyperglycemia. Howitt and Barber suggest that abnormal products of metabolism may act as light sensitizers. In such cases the predominance of streptococci in the feaces is often found. I have been able to show that some of these streptococci and some of the lactose-fermenting coliform bacilli grown on blood-agar slopes suspended in saline and in broth can be at times proved to contain photo-dynamic substances which will rapidly haemolyse a suspension of red blood-corpuscles in saline, or destroy paramecia when exposed to the visible rays of the mercury-vapour lamp, filtered through a screen of window-glass 3 mm. thick.
.Xeroderma pigmentosum.-This skin lesion was first described by Kaposi in 1870.
It is a very rare hereditary abnormal reaction of the skin to light, which causes scattered pigmented plaques, scar tissue, atrophic skin lesions, telangiectases, and malignant warty papillomata. It is more common amongst blondes.
The onset of the disease occurs in childhood with the development of an intensive erythema on the exposed areas of the skin, following a feeble exposure to the sun. This erythema takes a long time to disappear, much longer than normal, and is followed by a deep pigmentation. The pigment, histologically, can be seen to spread from the superficial to the deeper skin cells, and is of the melanotic type. Areas of atrophic skin, with hyperkeratosis, fibrosis, and loss of elastic fibres and collagen, appear in irregular areas of the irradiated skin. The condition declines somewhat in the winter months and recurs in the spring and summer. Later in life areas of telangiectasis appear in the atrophic and fibrotic skin area, and warty nodules, which spread and multiply, invade the pigmented areas. These tumours are mostly basalcell melanotic carcinomata, but adenocarcinomata and melanotic sarcoma and endotheliomata have been described. The disease is usually fatal. No evidence of photo-dynamic substances could be obtained from examination of the blood, urine, or f.eces. This appears to be a condition of increased sensitivity to ultra-violet rays and abnormal reaction of defence and protection.
Analogous to this, is the condition of "sailors' skin," xeroderma pigmentosum tarvidum. The areas of skin exposed to light, later in middle age (about 50 years), become bluish-red in colour, thicken, and are covered with warty growths. Farmers, postmen, sailors, and many people who are habitually exposed to open air and sun, are affected. These warty growths later develop into malignant tumours. Hyde has demonstrated the frequent localization of skin cancer on areas frequently exposed to light, and the rarity of these lesions in the pigmented skin of negroes.
Bernhard, however, has pointed out that although the condition of sailors' skin can be seen in many who are constantly exposed to the sun of the Swiss Alps, i.e. guides, etc., he has never seen a case of skin cancer on the face or hands of such persons. The association with tar or tar cancer may possibly explain the malignant changes in sailors' skins. Putschar and Holtz claim to have produced skin cancer experimentally by prolonged exposure of rats to the rays of the quartz mercury-vapour lamp.
Skin diseases aggravated by exposure to light. Vaccinia: It has been claimed by Finsen and his co-workers that ultra-violet rays are irritant to the normal skin and therefore would aggravate the healing of the pustules of variola. He suggested that better healing would be obtained if red light were employed. During some unpublished experiments I carried out in collaboration with Captain S. R. Douglas, we were able to show that after the intravenous injection of neurovaccine into the ear-vein and blood-circulation of rabbits, the number of typical pustules which occurred from seven to ten days later over the skin of the abdomen and flank, was much less over an area of skin exposed to ultra-violet rays than on the normal non-irradiated skin. Further, the intensive ultra-violet irradiation of the rabbit's skin in no way aggravated the spread or healing of these lesions.
Apart from the exfoliative dermatitis and pustular ulcerative lesions which occur as direct result of exogenous or endogenous light-sensitization, confusion has arisen and statements have been made asserting that solar radiation aggravates many skin lesions. Infra-red and heat rays aggravate the irritation symptoms-i.e. itching discomfort-of many skin lesions; often these lesions flare up with any stimulus of heat. Erythema multiforme, acne rosacea and lupus erythematosis are such typical examples. The heat of bedclothes, or even the flushing of the face due to vasomotor and endocrine disturbances produces similar effects. It is possible that the erythema reaction following ultra-violet irradiation and the subsequent desquamation may originate a focus of irritation and the spread of a skin lesion due to some focus of infection or toxa3mia. The pathological metabolic conditions may cause abnormal flora of bacteria or fungi in the large bowel which may contain some photo-sensitizing substance causing an abnormal skin reaction and aggravated skin lesion. Lupus erythematosis, acne rosacea, pityriasis streptogenes (Sabouraud), psoriasis, urticaria, and acute pemphigus have all been known to be markedly aggravated by exposure to sunlight. Exogenous sensitization.-Skin lesions have been described amongst workers in coal-tar, creosote, and pitch, and following the use of flavine, eosin, and erythrosin.
These are examples of the action of photo-dynamic substances absorbed by the skin cells.
Skin diseases following exogenous and endogenous sensitizers by common medicinal drugs and other chemotherapeutic agents.-The classical case of Meyer Betz (1913) is an example of exogenous sensitization due to heematoporphyrin. He received an intravenous injection of 0.2 grm. ha3matoporphyrin dissolved in 300 c.c. of saline (October 14, 1912) and remained light sensitive for several weeks, although tests of the blood and urine made on October 17, three days after injection of sensitizer, were all negative. The dose used, assuming he weighed 12 stone, was roughly 1: 400,000 concentration for body-weight.
Endogenous sensitizers due to metabolism of the barbitone group. -The The barbitone group of drugs, trional, luminal, etc., themselves are not lightsensitizers, but cause products to be formed within the body which sensitize the visible rays.
Light dermatosis of agricultural domestic animals.-The skin lesions and lightsickness of domestic animals are mainly due to exogenous causes, due to the ingestion and absorption of chemical substances which are light sensitizers. Much of the present knowledge of photo-dynamic sensitization and the pathological reactions which follow solar radiation has mainly developed from the study of these skin lesions. Sensitization diseases of animals are only seen in white animals; they are uncommon in black animals; areas of pigmentation and coating with mud give protection. Feeding animals (sheep, pigs, cows, horses) with buckwheat causes erythema and cedema of the white areas of skin exposed to sunlight during the spring and summer months. The animals become very excitable and restless and death occurs from secondary infection of ulcerated areas of skin, causing cellulitis and general pyamia. Tappeiner has shown that this is due to the presence of a fluorescent pigment which can be extracted from buckwheat plant or seed, and which is in every way a characteristic photo-sensitizer. h
The photo-dynamic substance-according to Sheard and his co-workers-is phyloporphyrin. Hausmann states that buckwheat poisoning is unknown in man, owing to the destruction of the active principle by boiling. He states that the pigment hypericin phyloporphyrin is of interest owing to its close chemical relationship to haematoporphyrin. Clover sickness is a condition seen in white horses, less seldom in cattle, fed on Swedish clover. The non-pigmented areas of the skin of the head, joints and mouth show reddening and cedema on exposure to bright sunlight. Necrosis of the skin and dropping off of the hooves may occur.
White sheep which have eaten hypericum crispum (crisp or cured hard hay), become very ill during bright sunny days; the woolly hair falls out and necrosis of the skin develops. Black sheep are immune. Joarrides has isolated a pigment from this hay which has proved to be a most potent light-sensitizer.
In Florida it is said that only black pigs are reared, as the white pigs become ill and die owing to the feeding with the pigment root of Lachnanth-Madder (Lachnanthes). The black pigs are immune.
The diseases of animals and man associated with abnormal reactions of the skin to light are therefore due to exogenous photo-biochemical substances, which sensitize the skin cells and deeper tissues to the luminous rays of the spectrum. Endogenous sensitization is comparatively rare. Inborn errors of metabolism and abnormal production of porphyrin pigments in the urine and faeces cause polymorphic, subacute, and chronic skin disease. There is some resemblance of these diseases to chronic types of radium and X-ray dermatitis. It is difficult to demonstrate the presence of photo-dynamic substances in the tissue fluids, owing to the very weak concentration present and to the lack of chemical, spectrographic, or biological means of analysis. Future research should be directed towards the discovery of a therapeutic substance which will act as a sensitizer in the presence of blood-serum and be activated by the short infra-red, luminous, red, and orazge rays. -, 
